INTRODUCTION
Triassic successions in northeastern Mexico have been known for more than 100 years (Burckhardt and Scalia, 1905) , but they are still poorly understood. Outcrops of Triassic strata are isolated across the Mesa Central province in the states of Zacatecas and San Luis Potosí and in the core of anticlines or related to basement uplifts of the Sierra Madre Oriental in Nuevo León and Tamaulipas, Mexico (Fig. 1) . The Triassic strata in the Mesa Central province (marine) have been assigned to the Zacatecas Formation (Carrillo-Bravo, 1968 , in Silva-Romo et al., 2000 , La Ballena formation (Silva-Romo, 1994) and Taray Formation ( Córdoba-Méndez, 1964) , and in the Sierra Madre Oriental (continental), to the Huizachal Formation (sensu Carrillo-Bravo, 1961) or La Boca Formation (sensu Mixon et al., 1959) .
A generalized stratigraphic framework for both provinces is illustrated in Figure 2 .
Shortening deformation during the Laramide orogeny and mid-Cenozoic extensional tectonics widely affected these rocks, and they are extensively covered by Late Jurassic to Cretaceous limestones and Cenozoic volcanic rocks and alluvial deposits, thereby rendering facies interpretations, basin-wide correlations, and paleogeographic reconstructions diffi cult. Much discussion exists regarding their precise age, correlation, environments of deposition, sediment provenance, and tectonic setting. This uncertainty limits our ability to test tectonic models for the evolution of this region during the early Mesozoic (Anderson and Schmidt, 1983; Salvador, 1987) , which was an important time of tectonic transition on the western margin of Pangea. Furthermore, Triassic and Early Jurassic strata in northeastern Mexico contain a record of a variety of sedimentary environments in western equatorial Pangea that may improve our understanding of paleoclimatic, paleobiologic, and paleoceanographic events during this particular period of Earth history.
The age has been established in several localities by means of their fossil fauna (Burckhardt and Scalia, 1905; Cantú-Chapa, 1969; Gómez-Luna et al., 1998) or fl ora (Mixon et al., 1959; Weber, 1997; Silva-Pineda and Buitrón-Sanchez, 1999) , but in many other localities age relations remain unknown due to a lack of fossils. Uncertainties regarding the age, tectonic setting, and transport history of these strata create opposing models for the early Mesozoic paleogeography of western Pangea, resulting in an association of presumably coeval strata from highly contrasting tectonic settings, now in close geographic proximity. Subaerial volcanic rocks and redbeds interpreted as deposits of a continental magmatic arc (Jones et al., 1995; Bartolini et al., 2003; Barboza-Gudiño et al., 2008) are near roughly coeval volcanic rocks and redbeds interpreted as a continental rift in the Sierra Madre Oriental in Nuevo León and Tamaulipas (Michalzik, 1991) . Some (i.e., Jones et al., 1995) have sought to explain these seemingly incompatible tectonic settings by reference to the inferred allochthonous nature of Mexico with respect to the North American craton, suggesting that early Mesozoic strata in north-central Mexico were displaced along the hypothetical Mojave-Sonora megashear. Those models were criticized by Molina-Garza and Iriondo (2005) , because early Mesozoic volcanic rocks in north-central Mexico appear to overlie basement of a very different nature than their inferred counterparts in northwest Sonora, where they are inferred to have formed. The correlation of Mesozoic rift basins in northeastern Mexico with presumably coeval strata in northeastern North America is also uncertain.
We report detrital zircon geochronology data from key stratigraphic sections across northeastern Mexico. These data require a new model for the tectonic evolution and paleogeography of this region. The stratigraphic sections studied ( Fig. 1) are distributed over an area of ~120,000 km 2 , where ties between outcrops within this region, based only in lithologic character, are tenuous (Barboza-Gudiño et al., 1999) . Nevertheless, detrital zircon provenance data are particularly useful in this region because they permit correlation of strata from different coeval sedimentary environments. In addition, they are useful in deciphering contrasting possible source regions for detritus in the Late Triassic strata.
POTOSÍ FAN: THE TRIASSIC MARINE FACIES OF THE MESA CENTRAL
It is well established that Middle to Late Triassic marine rocks are exposed across the Mesa Central. Triassic outcrops of siliciclastic sedimentary rocks in the vicinity of the city of Zacatecas (Fig. 1) were fi rst reported by Burckhardt and Scalia (1905) , who described Triassic fossils including several ammonites (Sirenites Smithi n. sp., Trachyceras sp., Clionites sp., Juvavites sp.) as well as bivalves (23 species of Palaeoneilo and unidentifi ed Aviculids) from a classic locality at Arroyo La Pimienta. This fauna is considered of Carnian age (Burckhardt and Scalia, 1905; Gutierrez-Amador, 1908; Maldonado-Koerdell, 1948) . Although never formally defi ned, these rocks were fi rst named Triásico de Zacatecas ( Gutierrez-Amador , 1908) , and are currently known as the Zacatecas Formation (Carrillo-Bravo, 1968 , in SilvaRomo et al., 2000 Martínez-Pérez, 1972; Carrillo-Bravo, 1982) . There are no known exposures of the base of this unit or other preTriassic rocks in the Mesa Central region, their total thickness anywhere is not known, and nowhere can a continuous section of >300 or 400 m be measured, because intense folding and numerous thrust and normal faults affect the succession.
The most recent studies of the Triassic rocks in western San Luis Potosí and Zacatecas are sedimentologic, stratigraphic, and tectonic studies interpreting such successions as part of a submarine fan system at the paleo-Pacifi c margin of North America (Centeno-García and Silva-Romo, 1997; Silva-Romo et al., 2000; Hoppe et al., 2002; Centeno-García, 2005) , named the Potosí fan by Centeno-García (2005) .
Silva-Romo (1994) informally referred to a sequence of marine siliciclastic turbiditic layers and minor carbonate rocks in La Ballena, in the central part of Sierra de Salinas, ~150 km east of Zacatecas, as La Ballena formation (Figs. 1 and 3A) . These strata contain a Late Triassic fauna including Sirenites sp. (Chavez-Aguirre, 1968) , Clionites sp., Paleoneilo sp., and Halovia sp. (Silva-Romo, 1994) , Meginoceras sp., and Clionitites sp. (Gómez-Luna et al., 1998) . Gómez-Luna et al. (1998) sp., assigned a Ladinian age for a lower fossiliferous horizon in the succession. For an upper fossiliferous horizon, according to their fauna, Gómez-Luna et al. (1998) considered an early Carnian age. A measured section is located 1.7 km to the north of the town of La Ballena (Fig. 4) . Coordinates for the base of the section are 22°28.150′N/101°42.499′W, and it consists of interstratifi ed sandstone, siltstone, and shale with uncommon occurrences of conglomeratic sandstone and quartzite. These rocks are dark gray on fresh surfaces and brown to grayishyellow on weathered surfaces. The litho facies succession (Figs. 4, 5A, and 5B) is interpreted as middle to lower fan facies associated with well developed C and B facies, as well as A facies (after Mutti and Ricci-Lucchi, 1972) ; these lithofacies correspond to channel margins, suprafan lobes, and channel environments, respectively. At Sierra de Charcas in San Luis Potosí (Figs. 1 and 3B) the Triassic succession is called the Zacatecas Formation (Martínez-Pérez, 1972) or La Ballena formation (Centeno-García and Silva-Romo, 1997). Cantú-Chapa (1969) reported early Carnian Juvavites sp., CuevasPérez (1985) reported Carnian conodonts, and Gallo-Padilla et al. (1993) reported the Carnian ammonoids Anatomites aff. herbichi Mojsisovics and Aulacoceras sp. The best-preserved and most extensive exposures of this area are located a few kilometers west of the town of Charcas, in an area also known as the San Rafael-La Trinidad anticlinorium. Several isolated minor outcrops are in the Presa de Santa Gertrudis area and Sierra La Tapona, northwest of Charcas. In the Sierra de Charcas, an ~200-m-thick section was measured and described by Hoppe (2000) . The same locality was studied by us, and further described (Fig. 4) following the facies designations of Mutti and Ricci-Lucchi (1972) . Coordinates for the base of the section are 23°04.300′N/101°11.700′W. This succession consists of turbiditic sandstones, commonly with partial Bouma sequences, conglomeratic sandstones, and graywacke, alternating with siltstone and shale, although generally such pelitic layers are subordinate (Fig. 5C ). The graywacke beds contain internally graded bedding, as well as slump deposits; load and groove casts are the most common sole marks (Figs. 5D, 5E) . The components of the sandstones are monocrystalline quartz and minor polycrystalline quartz, feldspar, as well as shale intraclasts and detrital mica in a matrix of detrital and diagenetic quartz, muscovite + illite, and chlorite layers. The lithofacies identifi ed in the Charcas sections in order of their abundance in this area are facies A (channel), followed by facies B and C (representing channel margin environments), and subordinate facies D, E, F, and G (suprafan lobe, levee, and interchannel fl ats), corresponding to a midfan or suprafan zone.
The succession at Sierra de Catorce (Figs. 1 and 3C) consists of fi nely laminated shale and intercalated thin siltstone and sandstone layers (Fig. 5F ). The main exposures in this area occur along the General and Ojo de Agua Canyons, in the northwestern part of the sierra. In addition, there are outcrops of comparable strata in the southern Sierra de Catorce along the El Astillero Canyon. At this locality the Triassic 
CARRILLO-BRAVO (1961) RUEDA-G. et al. (1993) this work age of the succession is inferred from lithologic similarities and stratigraphic position. There are no reports of Triassic fossils in this locality, and an older age has been suggested by a possible late Paleozoic fossil fl ora (Franco-Rubio, 1999) and late Paleozoic spores (Bacon, 1978) .
Detrital zircon data and new geochronological data obtained from pre-Late Jurassic rocks in Sierra de Catorce, described herein, demonstrate that this inference is incorrect and are consistent with a Late Triassic age of deposition. The facies associations in Real de Catorce are comparable with those of Charcas, with a few differences attributable to an evident predominance in these outcrops of the inter channel deposits (lithofaces D, E, and G), and subordinate suprafan, levee, and channel deposits. For this study a partial section of the succession cropping out in the Sierra de Catorce was also measured in detail (coordinates of the base: 23.42.099′N/100°54.750′W (Fig. 4) . A relatively poorly understood succession of intensely deformed fi ne-grained siltstone, shale, lithic sandstone, and minor conglomerate and carbonate rocks exposed along the Arroyo del Taray in the Sierra de Teyra (Fig. 1 ) of northern Zacatecas was named the Taray Formation (Córdoba-Méndez, 1964) . The age of the Taray Formation has been interpreted as late Paleozoic (Córdoba-Méndez, 1964) , Late Triassic (SilvaRomo et al., 2000) , and Jurassic (Anderson et al., 2005) . Because of similar lithology and stratigraphic position, this unit or part of it can be correlated with the Triassic rocks described in the Mesa Central and considered part of the Potosi fan.
Using information provided by PEMEX (in Tristán-González et al., 1995) from the Tapona-1 well, north of Charcas ( Fig. 1) , it is thought that there is a structural increase in the thickness of this rock body, because several folds and imbrications affect these strata and the more than 4640 m drilled (the total depth of the well represents the Triassic turbidite sequence) without reaching the base. We estimate, without a palinspastic reconstruction, a possible area extent of the Potosí fan system of >120,000 km 2 . Several paleofl ow patterns observed from groove casts, fl ute casts, and cross-lamination in the different localities (Fig. 4) show west-southwest paleocurrent patterns.
It is also important to point out that in several places, such as the Sierra de Teyra in northern Zacatecas, or possible localities in Guanajuato and Querétaro, such Triassic successions occur as structural complexes interlayered with ophiolitic rocks and older sedimentary and metamorphic olistoliths. These exotic rocks are enclosed in Triassic sand and mudstone-siltstone strongly deformed matrix, a mélange indicating ancient subduction or accretionary complexes ( Centeno-García, 2005) .
Unconformably overlying the Triassic strata in all localities in the Mesa Central, there is a volcanic and volcaniclastic succession including basaltic andesites, rhyolites, and redbeds assigned to the Nazas Formation (PantojaAlor, 1972) as well as a poorly understood Early Jurassic succession of fl at marine sedimentary rocks interlayered in the Sierra de Catorce with the basal part of the Nazas Formation (Barboza-Gudiño et al., 2004; VenegasRodriguez et al., 2009) .
The Triassic succession is inferred to overlie Grenvillian granulitic basement on the basis of several xenoliths contained in Cenozoic volcanic rocks in western San Luis Potosí (Ruiz et al., 1988; Schaaf et al., 1994) . This crystalline basement is believed to end to the west, where the submarine fan deposits (Potosí fan) have been interpreted to overlie oceanic crust in Zacatecas (Centeno-García and Silva- Romo, 1997; Centeno-García, 2005) , changing to an ophiolitic complex in Guerrero-Michoacán and Baja California (Centeno-García, 2005) . At the different localities the Triassic successions were defi ned as lithostratigraphic units or in some cases as structural complexes. We propose to retain the name Zacatecas Formation for all the successions of the Potosí fan that can be distinguished as a lithostratigraphic unit (e.g., Zacatecas, La Ballena, Charcas, and Real de Catorce) and to use the term "complex" associated with a local name for highly deformed rock bodies consisting of a heterogeneous mixture of two or more rock types, in some cases without a primary stratifi cation preserved (e.g., Taray complex, Arteaga complex).
EL ALAMAR FLUVIAL SYSTEM: CONTINENTAL FACIES OF THE SIERRA MADRE ORIENTAL
Late Triassic and Early Jurassic strata in the Sierra Madre Oriental in northeastern Mexico are referred to as the Huizachal Group (Mixon et al., 1959) , consisting of the Late Triassic to Early Jurassic La Boca Formation and the unconformably overlying La Joya Formation of Middle to Late Jurassic age. These strata have been studied since the 1920s and stratigraphic nomenclature has evolved (Fig. 2) . Heim (1940) assigned a pre-Late Jurassic age for redbeds exposed in the Huizachal, Peregrina, and Novillo Canyons, in the Huizachal-Peregrina uplift, and the areas of Miquihuana and Aramberri in Tamaulipas and Nuevo León (Fig. 1) . A Huizachal Formation consisting of continental hematitic sandstone, conglomerate, mudstone, and minor volcanic rocks was formally defi ned by Imlay et al. (1948) at the type locality in the Huizachal Canyon 20 km southwest of Ciudad Victoria, Tamaulipas. Mixon et al. (1959) reported, in the lower unit of their Huizachal Group, defined as La Boca Formation, a fl oral assemblage of Late Triassic age containing Pterophylum fragile, Pterophylum inaequalle Fontaine, Cephalotaxopsis carolinensis, and Podozamites, which were revised by Weber (1997) to Laurozamites yaqui, "Ctenophylum braunianum," Elatocladus ex gr. Carolinensis, and questionable fragments of Podosamites, respectively. Weber (1997) suggested that the fl ora is indicative of the Late Triassic and more precisely of the Carnian or Norian.
The continental redbeds assigned to the upper part of the La Boca Formation were deposited during a period of crustal extension that followed Early Jurassic magmatic arc activity (Fastovsky et al., 2005; Barboza-Gudiño et al., 2008) . Rocks of the La Boca Formation also interfi nger with volcanogenic deposits at several localities, including Huizachal and La Boca Canyons, and contain a fossil assemblage of vertebrate fauna, which allows assignment to an Early to Middle Jurassic age for redbeds that crop out in the Huizachal Canyon (Clark et al., 1994) . Typically, the La Joya Formation unconformably overlies the La Boca Formation and represents the basal strata of the marine Late Jurassic through Cretaceous succession.
By the last revision of the early Mesozoic stratigraphy from the region, Rueda-Gaxiola et al. (1993 , 1999 proposed the Los San Pedros allogroup, which includes a basal volcanogenic unit in the Rio Blanco allomember, which is overlain by a volcano-sedimentary allo member, conforming both the Rhaetian-Hettangtian Huizachal alloformation. The overlying Sinemurian-Pliensbachian redbed succession was defi ned by Rueda-Gaxiola et al. (1993) as the La Boca alloformation. However, the type locality of the Rio Blanco allomember was defi ned north of Aramberri Nuevo León. At this locality, 65 km away from the type locality of the La Boca alloformation, the volcanic rocks yielded a U-Pb zircon age of 193 ± 0.2 Ma (Barboza-Gudiño et al., 2008) directly overlying Paleozoic schist (Meiburg et al., 1987) , and the Triassic succession was not deposited.
Late Triassic continental strata in Nuevo León and Tamaulipas (Figs. 1 and 6) consist of sandstone, conglomeratic sandstone, siltstone, and mudstone. The facies associations correspond to proximal alluvial fan, braided stream, and distal meandering stream deposits, showing several west-southwest paleocurrent patterns that are in accordance with channel and trunk orientations (Fig. 7) . Such Triassic successions in Tamaulipas (Fig. 6A ) unconformably overlie Paleozoic strata or Precambrian-Paleozoic basement, and are overlain by the Jurassic redbeds considered as the upper part of the La Boca Formation. In Nuevo Leon their base is not exposed and there is no evidence of deposition of Early Jurassic redbeds in this area. This suggests a complex paleogeographic distribution of basement uplift areas or horsts during early Mesozoic time. Uplifts were probably separated by elongate grabens occupied by trunk streams of the fl uvial systems, as proposed by Michalzik (1991) . The best-exposed and best-preserved of these depocenters is the San Marcos-El Alamar area of southern Nuevo León, near the town of Galeana (Fig. 6B) . Triassic fl uvial successions are well exposed along federal highway 58 (San Roberto-Linares). Other exposures are also located near Santa Clara, 2 km west of state highway 2, and at El Alamar Canyon in the Sierra de Pablillo (Fig. 6C) . Triassic fl uvial strata in the Galeana area are the oldest rocks exposed in this region and there are no exposures of their bases or of any older strata. We measured three partial sections of continental strata in San Marcos (coordinates of the bottom of measured section: 24°40.750′N/100°06.000′W) and El Alamar Canyon, Nuevo León (coordinates: 24°55.130′N/099°55.000′W), and in La Boca Canyon, Tamaulipas (Fig. 7) . The section at San Marcos has a minimum thickness of 180 m, and the El Alamar Canyon section is more than 350 m thick. The succession exposed consists of thick-bedded, medium-to coarse-grained arkosic sandstone, predominantly gray, light green, or brownish-red. Several of the sandstones contain basal gravelly to pebbly conglomeratic lag horizons, changing upward into fi nely laminated sandstones and siltstones, commonly overlain by mudstones. The most abundant sedimentary structures are trough cross-beds and channel scours (Figs. 8A, 8B); tabular burrows are common in fi ne-grained facies. These lithologies represent fi ning-upward cycles, tens of meters in Facies code after Miall (1977 Miall ( , 1978 thickness , interpreted as basal channels overlain by sand fl ats and overbank deposits, formed in low sinuosity streams and braided channels. Michalzik (1991) interpreted this cyclic deposition as Donjek-type fl uvial sedimentation, and recognized different lithofacies using the codes of Miall (1977) : conglomerate ( Fig. 8C ) facies (Gm, Gt), trough and planar cross-beds as well as horizontal-bedded coarse sandstone (St, Sp, Sh), horizontal bedded and planar cross-bedded sandstone (Sh, Sl), laminated and massive siltstone facies (Fl, Fm), and mudstone to siltstone facies with carbonate concretions (Fig. 8D ) (Fm, P). There is a notable abundance of petrifi ed wood ( commun., in Carrillo-Bravo, 1961) . The petrifi ed wood is commonly associated with Gm and Gt conglomerates and St, Sp coarsegrained sandstone, which represent channel and channel bar deposits, principally in the sequences exposed in La Boca canyon, in Tamaulipas , and El Alamar Canyon, in Nuevo León (Fig. 7) . The section at La Boca canyon is ~350 m in thickness. Its base is not exposed as it is in fault contact with Permian(?) intrusive rocks (base of the measured section at coordinates 23°54.500′N/099°20.280′W). Several decimeter-sized cylindrical burrow casts are associated with the siltstone and mudstone facies, which represent fl oodplain deposits. Such structures are common in the upper part of the sequence exposed in Cerro La Nieve, in the San Marcos area. The burrows are perpendicular to bedding, as cylindrical 20-30-cmlong casts 5-15 cm in diameter. The casts are fi lled by gray, green, and yellow siltstone and mudstone, similar to the surrounding rocks (Figs. 7 and 8F). Michalzik (1991) interpreted these trace fossils as lungfi sh burrows, similar to those reported in Late Triassic strata of the Colorado Plateau (Dubiel et al., 1987) . There has been discussion on the origin of such similar structures described from the Colorado Plateau (McAllister et al., 1988) , that were later interpreted as crayfi sh burrows and fi nally as rhizoliths (Tanner and Lucas, 2006) . Burrows are common in mudstones, and in silicifi ed pedogenic gray to light green calcretes.
STRATIGRAPHIC REVISION
The Late Triassic-Early Jurassic continental facies, included in the La Boca Formation of Nuevo Leon and Tamaulipas, requires stratigraphic revision. New fi eld and analytical evidence demonstrate the existence of a Late Triassic fl uvial succession, separated from an overlying Early Jurassic volcanic-sedimentary redbed succession. Interlayered volcanic rocks yielded a 189.0 ± 0.2 Ma age (U-Pb, zircon) in the basal part of the Jurassic redbeds exposed in the Huizachal Valley (Fastovsky et al., 2005) and a 193 ± 0.2 Ma U-Pb zircon age (BarbozaGudiño et al., 2008) for an ignimbrite of the Aramberri area; both ages are younger than the Triassic redbeds that crop out in the western and northern part of the Huizachal Peregrina anticlinorium and the El Alamar-San Marcos area in Nuevo León. In consequence, the basal Rio Blanco allomember of the Huizachal alloformation, as defi ned by Rueda-Gaxiola et al. (1993) , is evidently Early Jurassic in age.
Considering the confusion generated by the inclusion of the studied Triassic succession within a formally defi ned stratigraphic unit of Late Triassic-Early Jurassic age (La Boca Formation sensu Mixon et al., 1959) , we formally propose a new stratigraphic unit, named the El Alamar formation, for the Late Triassic succession. The purpose of this newly defi ned unit is to differentiate the Late Triassic succession, which is identifi able by lithologic characteristics and stratigraphic position. The name El Alamar formation is derived from El Alamar Canyon in the Sierra de Pablillo, Nuevo León, where the proposed unit stratotype is located. The defi ned type section is located in the western wall of El Alamar Canyon, 1.5 km north of El Alamar de Abajo Ranch (Fig. 6C) . El Alamar Canyon is located in the source area of the Rio Pablillo, which drains the internal part of the Sierra Madre to the Gulf of Mexico coastal plain in the region of Linares, Nuevo León. This locality may be accessed via an 11 km route through the sierra, departing from the town of Pablillo at the Nuevo León highway 2, with good accessibility for a fi eld vehicle. The base of the sequence is not exposed, but the measured section from the top at the coordinates 24°33.083′N/099°55.500′W to bottom at the coordinates 24°55.133′N/099°55.000′W, consists of more than 350 m of siliciclastic fl uvial deposits as described in Table 1 (see also Fig. 7 ).
In the Huizachal-Peregrina anticlinorium in Tamaulipas incomplete sections of El Alamar formation unconformably overlie Paleozoic metamorphic, sedimentary, and magmatic rocks; the formation is in turn unconformably overlain by Jurassic redbeds and volcanogenic rocks (upper La Boca Formation sensu Mixon et al., 1959) and/or Late Jurassic redbeds of the La Joya Formation (upper Huizachal Group sensu Mixon et al., 1959) .
The Triassic sequence of the El Alamar formation was considered by Carrillo-Bravo Figure 6C for location.
(1961) as the basal part of the Huizachal Formation following the fi rst defi nition of Imlay et al. (1948) , and this corresponds to member B of La Boca Formation as described by Mixon (1963) and originally defi ned by Mixon et al. (1959) . Member A of Mixon (1963) also corresponds to his member C, and appears as a basal unit as a result of stratigraphic repetition caused by normal and strike-slip faults. Strata of the Triassic El Alamar formation were probably included in the Jurassic redbed succession of the La Boca alloformation as defi ned by Rueda-Gaxiola et al. (1993) .
The El Alamar formation was identifi ed on the basis of similar lithology and a comparable fl uvial facies and subfacies along the western fl ank of the Huizachal-Peregrina anticlinorium. El Alamar strata are not exposed in the Huizachal Valley south of Ciudad Victoria. In the San Marcos area, south of Galeana, Nuevo León, it is well exposed along the federal highway 58, km 76.5, but is absent in the Miquihuana-Aramberri area in southern Nuevo León and Tamaulipas, where Paleozoic schist and phyllites are well exposed, underlying Jurassic redbeds or volcanic rocks and Cretaceous marine beds.
The main criterion that permits discrimination of the El Alamar and La Boca fl uvial successions is the conspicuous absence of volcanic rocks or volcanogenic layers in the Triassic succession (El Alamar Formation), in contrast to a common occurrence of volcanogenic strata in the overlaying deposits of the Jurassic succession (La Boca Formation). In addition, a general gray-green and occasionally yellow to dark brown color is distinctive of the El Alamar formation. This is in contrast to a consistent red-purple and red-brown color of the overlying Jurassic strata. The presence of abundant petrifi ed wood is also characteristic of the Triassic unit.
The biostratigraphic age of the El Alamar formation is determined on the basis of CarnianNorian fl oras fi rst reported by Mixon et al. (1959) and reinterpreted by Weber (1997) . A Late Triassic age of deposition is also in agreement with an Early Triassic (245 Ma) maximum depositional age indicated by the zircon geochronology described in the following. The El Alamar formation is thus the same age as the Late Triassic Zacatecas Formation, which represents the marine counterpart of the El Alamar fl uvial system. We show here that they also have very similar provenance characteristics.
Volcanic and volcaniclastic strata overlying the Triassic successions throughout the Mesa Central and at several localities in the Sierra Madre Oriental have been interpreted as remnants of the Early Jurassic Nazas continental arc (Jones et al., 1995; Barboza-Gudiño et al., 1998; Bartolini, 1998; Bartolini et al., 2003) . A coeval succession of continental redbeds (La Boca Formation) was generated during arc activity in northeastern Mexico. The La Boca Formation was deposited in an extensional period during and after the magmatic arc activity. The La Boca Formation is in turn unconformably overlain by the La Joya Formation (Mixon et al., 1959) , which represents the base of the marine Late Jurassic transgressive sequence coeval with opening of the Gulf of Mexico.
ANALYTICAL RESULTS
U-Pb geochronology of detrital zircons was performed to determine the maximal deposition age as well as the provenance of four sandstone samples. The samples CH06-1 (Charcas, San Luis Potosí), RC06-31 (Sierra de Catorce, San Luis Potosí), SM06-1 (San Marcos, Nuevo León), and LB06-1 (La Boca Canyon, Tamaulipas) were analyzed by laser ablationmulticollector-inductively coupled plasma mass spectrometry (LA-MC-ICPMS) at the Arizona LaserChron Center, following the separation and analysis techniques described in detail in Gehrels et al. (2006) . The analysis involves the ablation of zircon with a New Wave/Lambda Physic DUV193 Excimer laser (operating at a wavelength of 193 nm) using a spot diameter of 15-35 µm. LA-ICPMS analysis is particularly well suited for detrital zircon studies because of the rapid generation of large data sets; we analyzed ~100 zircon crystals from each sample. For each analysis, the errors in determining The resulting ages are plotted in concordia diagrams (Fig. 9 ) and are also shown on ageprobability plots (Ludwig, 2003) . These plots show each age and its uncertainty (measurement error only) as a normal distribution, and add all ages from a sample into a single curve ( Fig. 10 ; Supplemental Table File   1 ). Maximal depositional ages between 216 and 214 Ma (sample collected in La Boca Canyon) and 230 and 225 Ma (sample collected in the Sierra de Charcas) correspond to the Late Triassic. The absence of Early Jurassic zircons also indicates deposition of the succession prior to the presence of the Early Jurassic volcanic arc in the region, so that a real depositional age for the analyzed samples in the Late Triassic may be inferred, as also known from biostratigraphic data for the marine sequence (Cantú-Chapa, 1969; Cuevas-Pérez, 1985; Gómez-Luna, 1998; Gallo-Padilla et al., 1993) and the Late Triassic fl ora found in the fl uvial sequence exposed in Nuevo León and Tamaulipas (Carrillo-Bravo, 1961; Mixon et al., 1959; Mixon, 1963; Weber, 1997) . The maximum age of deposition for the turbiditic succession exposed in the Sierra de Catorce, San Luis Potosí, is 230-225 Ma (three zircon ages between 237 and 209 Ma) and confi rms a post-Late Permian age for these strata, consistent with an interpreted Late Triassic age (Martínez-Perez, 1972; López-Infanzón, 1986; Cuevas Perez, 1985; Barboza-Gudiño et al., 1999) , but incompatible with an interpreted late Paleozoic age (e.g., Bacon, 1978; Bartolini, 1998; Franco-Rubio, 1999) .
A fundamental goal of the detrital zircon geochronology was also the comparison of the results between the analyzed samples in order to correlate their maximal age of deposition, as well as to compare provenance similarities. As shown in Figures 9 and 10 , there are notable contributions of a Permian-Triassic detrital zircon age population (280-245 Ma) in all of the samples, corresponding with the eastern Mexico Permian-Triassic magmatic arc, which yields K-Ar ages from 284 to 232 Ma Dickinson and Lawton, 2001) . Other Paleozoic ages (467-420 Ma) probably correspond to Ordovician-Silurian magmatic rocks described in peri-Gondwanan terranes of Mexico, like the Acatlán Complex (Miller et al., 2007) or detrital zircon age populations present in the Granjeno Schist in northeastern Mexico or the El Fuerte Formation in Sinaloa (Vega-Granillo et al., 2008) . There are other populations present that correspond to the Pan-African (700-500 Ma) and Grenvillian (1300-900 Ma) events, as well as subordinate Paleoproterozoic-Archean zircon age populations. In sample LB06-1, collected in 1 Supplemental Table File . Excel fi le of four tables. If you are viewing the PDF of this paper or reading it offl ine, please visit http://dx.doi.org/10.1130/ GES00545.S1 or the full-text article on www.gsapubs .org to view the supplemental table fi le. La Boca Canyon, >70% of the zircons yielded ages in the range 300-200 Ma, corresponding to the Permian-Triassic arc, with an age pick near 245 Ma and subordinate Pan-African and Grenvillian zircon populations. This is probably a result of the proximity of several outcrops of the Permian magmatic rocks observed in the Huizachal-Peregrina anticlinorium, close to the depocenters of the fl uvial facies. The Charcas locality, the most western sampled locality, is also characterized by a prominent Late Permian peak (centered at 254 Ma and accounting for 35% of the grains analyzed), small populations of a few grains each for the Mesoproterozoic (1300-900 Ma), Pan-African (700-500 Ma), early Paleozoic (Silurian), and isolated grains of Archean and Paleoproterozoic age. The Real de Catorce locality shares the abundance of Late Permian grains (20 grains making 20% of the analyzed grains), but also contains distinct peaks of Pan-African (508 and 583 Ma), Grenville (960 and 1167 Ma), and few Paleoproterozoic grains. The section of the El Alamar formation at the San Marcos locality is nearly identical to the Real de Catorce locality.
Perhaps as notable as the presence of Permian , Pan-African, and Grenvillian zircons is the absence of Yavapai (ca. 1.7 Ga), Mazatzal (ca. 1.6 Ga), and Mesoproterozoic (1.45-1.40 Ga) zircons that might have been derived from basement typical of the American southwest (Amato et al., 2008) , and are present in Triassic strata of the Colorado Plateau (Dickinson et al., 2007) and Sonora (e.g., Gehrels and Stewart, 1998; Gonzalez-León et al., 2005 ).
In order to correlate the studied sequences, sediment-petrographic and geochemical studies were performed to defi ne provenances and a possible link between the Late Triassic fl uvial deposits of El Alamar River (El Alamar formation) and the Potosí fan (Zacatecas Formation). Like the distinct zircon age populations, the sandstone petrology suggests similar source areas. This is shown by applying petrographic and geochemical techniques such as the provenance triangles (after Dickinson, 1985) that show continental block and recycled orogen provenances ( Fig. 11 ; Table 2 ) and geochemical methods as shown Qp-polycrystalline quartz; Qm-monocrystalline quartz; K-potassic feldspar; P-plagioclase; Ls-sedimentary lithic fragments; Lv-volcanic lithic fragments; Lm-metamorphic lithic fragments; Mx-matrix; Qt-total quartz; Lt-total lithic fragments, in the chondrite-normalized rare earth element (REE) plot (Fig. 12A ). All REE patterns show a negative Eu anomaly. This is indicative of provenance from igneous rocks, which are formed by intracrustal differentiation with plagioclase fractionation in the upper continental crust. There is a notable similarity with light REE enrichment and a fl at heavy REE sector in all the cases. The Th/Sc versus Zr/Sc plots (Fig. 12B) shows a zircon addition as a result of sediment recycling; this is typical for trailing-edge turbidites in a passive margin (McLennan et al., 1993) . Chemical data of the six analyzed samples are shown in Table 3 .
The only available isotopic data for Triassic sediments are whole-rock Sm-Nd analyses of sandstones collected in La Ballena and Zacatecas, reported by Centeno-García and SilvaRomo (1997) ; the initial ε Nd ratios are -5.2 and -5.5, respectively, and are indicative of an old upper continental crust provenance, as well as the Nd-model ages of 1.6-1.3 Ga, in agreement with a model with an old continental block. Likely sources are thus the Precambrian Oaxaquia block and Pan-African basement in the east-northeast part of the region.
DISCUSSION
The age, correlation, and tectonic and paleogeographic settings of Triassic strata in north-central and northeastern Mexico have been the subject of considerable debate (see Bartolini et al., 2001 , and references therein). A key observation is that volcanic and volcaniclastic rocks of Early Jurassic age overlie Triassic marine strata in north-central Mexico (Fig. 13) , for example at Sierra de Charcas, Sierra de Catorce (Real de Catorce), and Sierra de Salinas (La Ballena). Comparable Early Jurassic strata also containing volcanic detritus and fl ows overlie the Triassic fl uvial succession assigned here to the El Alamar formation in Nuevo León and Tamaulipas. Thus the Triassic redbeds of the El Alamar formation in the region can be distinguished from younger La Boca redbeds by the absence of volcanic components and its distinct Triassic fl ora. Fossil fl ora indicate a Late Triassic age for the El Alamar formation, which is thus at least in part correlative with Late Triassic marine strata in Zacatecas and San Luis Potosí, for which a Ladinian-Carnian age is indicated by ammonoide fauna. The fact that Early Jurassic volcanic rocks overlie Triassic rocks and the lack of Middle or Late Triassic detrital zircons in Triassic strata studied suggest that a continental volcanic arc was not established in northcentral and northeastern Mexico until Early Jurassic time. Triassic strata show no evidence of contemporaneous magmatism. Furthermore, our results suggest that a gap in arc magmatism existed between the Early Triassic and the Early Jurassic in northern Mexico. Admittedly, our data set is small and Triassic magmatism is evident in Coahuila (Molina-Garza and Iriondo, 2005) ; therefore our data suggest at least a signifi cant decrease in magmatic activity, if not a complete gap in magmatism.
A large distance separates Triassic strata in north-central and northwestern Mexico from other exposed Triassic successions, such as pelagic strata and associated ophiolites of the San Hipólito Formation in Baja California (Sedlock and Yukio, 1990) , Triassic continental to transitional marine strata of the Barranca Group in central Sonora (Stewart and Roldán-Quintana, 1991) , and Triassic shallow to deep marine strata of the Antimonio and Río Asunción Formations in northwest Sonora (González-León et al., 2005) . Thus establishing any relationship (paleogeographic, (OrtegaGutiérrez et al., 1994) . Nearly half of the detrital zircons in each of the four samples were likely derived from the eastern Mexico Permian arc, which encompasses outcrops near Las Delicias in Coahuila, subsurface plutonic rocks in Tamaulipas, the La Mixtequita massif in Oaxaca, and the Chiapas massif Weber et al., 2003) . A large component was derived from bedrock sources of Grenvillian age (1250-900 Ma) of the Oaxaquian subcontinent (Ortega-Gutiérrez et al., 1995) or possibly reworked from Ouachita rock assemblages. A potential source for Pan-African zircons exists in basement rocks of the Yucatan Peninsula (then positioned against the Texas and Louisiana coast (MolinaGarza et al., 1992) , Coahuila (Lopez et al., 2001) , southeast Texas, and Florida (Dallmeyer et al., 1987; Mueller et al., 1994) , although they may also have been re cycled from Paleozoic strata of the Ouachita orogen. Detrital zircons in Triassic rocks in north-central and northeastern Mexico show some similarity with Triassic rocks of the Dockum Group. The Trujillo Formation contains important populations of PanAfrican (700-380 Ma) and Grenvillian (1250-900 Ma; Fox et al., 2005; Dickinson and Gehrels , 2008) zircons.
Detrital zircons typical of the American Southwest are absent from both marine and continental Triassic rocks studied. In contrast, zircons in the Barranca Group, in Sonora, show a distinct peak of grains with ages near 1.42 Ga (Gehrels and Stewart, 1998; González-León et al., 2009) , consistent with its close relationship with the western Cordillera.
Strata of the Zacatecas Formation and associated strata in Charcas and Real de Catorce are interpreted as part of a large-scale submarine fan system, the Potosí fan (CentenoGarcía, 2005) . Submarine fans are typically associated with extensive fl uvial systems that drain a large continental basin. Thus, as a fi rst approximation we hypothesize the relationship between the El Alamar fl uvial system and the Potosí fan probably as the result of the river valley draining an extensive portion of western equatorial Pangea during Triassic time, with fl ow to the paleo-Pacifi c margin to the west (Fig. 14) . Paleocurrent geochemical and detrital zircon data all support this hypothesis, which is based on their zircon provenance from Grenvillian and Pan-African basement rocks as well as the PermianTriassic magmatic arc. In addition, the consistent directions of sediment transport based in some types of measured directional structures (e.g., fl ute casts and groove casts) in the marine facies, represented in Figure 4 , or cross-bedding, and channel and trunk orientation in the continental facies (Fig. 7) , agree in all the cases with paleocurrent patterns toward the west and southwest.
The Triassic strata of northeastern Mexico have important implications for the existence of the Mojave-Sonora megashear, a great buried left-lateral strike-slip fault that is inferred to have displaced ~800 km most of northern Mexico, including the Ouachita suture and the Jurassic continental arc of northern Sonora, southeastward in Jurassic time (Anderson and Silver, 1979; Anderson and Schmidt, 1983; Jones et al., 1995) . The Triassic marine strata in Zacatecas and San Luis Potosí and Triassic continental strata in Tamaulipas and Nuevo León are south of the inferred trace of the Mojave-Sonora megashear. Had this displacement existed, these units should have been located 800 km to the northwest of their present position in Triassic time. Detrital zircon geochronology for Triassic rocks does not support the model of large left-lateral displacement. Besides the absence of detrital zircons from Precambrian provinces such as Yavapai and Mazatzal, and Mesoproterozoic zircons (1.45-1.40 Ga), we note that a suitable source for Pan-African zircons could not be easily found had these rocks been in a position suggested by reconstruction of displacement by the Mojave-Sonora megashear. Furthermore, Grenvillian zircon sources in northwest Mexico are restricted to ages of ca. 1.2-1.1 Ga (Barbeau et al., 2005; Dickinson et al., 2007) , whereas zircons in the Zacatecas Formation and the El Alamar formation are more typical of Oaxaquia Grenvillian ages (1250-900 Ma; Keppie et al., 2001; Solari et al., 2003 Solari et al., , 2004 
